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Abstract: 

One of the largest challenges in manufacturing is the consistency of final products. 

Two basic approaches have been investigated to achieve this goal. One is to use intelligent 

assembly methodologies to select a suitable set of parts to be assembled which is taking 

advantage of tolerance stack up. The other approach aims at each individual manufacturing 

process module, for example sheet metal forming process. The forming of sheet metal into a 

desired and functional shape is a process, which requires an understanding of materials, 

mechanics, and manufacturing principles. The major problem in fabrication of sheet metal 

parts is spring back effect i.e. the elastic strain recovery in the material after the tooling is 

removed. Spring back control is one of the key concerns of the sheet metal forming industry. 

The current trial-and-error method of testing and controlling for spring back is costly, time 

consuming, and remains as an obstacle in achieving shorter design production cycles. The 

elastic spring back at the end of a bending process plays an important role in determining the 

quality of final product thus in practice the constitutive relation that considers the elastic and 

plastic parts together has to be used. The factors have a non-linear interaction with each other 

so it is extremely difficult to develop an analytical model for spring back control including all 

these factors. So approach with FEA simulations are used to confront this difficulty. 
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Introduction 

Sheet metal forming processes are those in which force is applied to a piece of sheet metal to 

modify its geometry rather than remove any material. The applied force stresses the metal 

beyond its yield strength, causing the material to plastically deform, but not to fail. By doing 

so, the sheet can be bent or stretched into a variety of complex shapes. A die with a long rail 

form tool that has concave or V shaped lengthwise channel that locates the outside profile of 
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the form is called a die. Dies are usually stationary and located under the material on the bed 

of the machine[1]. The punch forms the bend so that the distance between the punch and the 

side wall of the V is greater than the material thickness (T).Either a V-shaped or square 

opening may be used in the bottom die. A set of top and bottom dies are made for each 

product or part produced on the press. Different materials and thicknesses can be bent in 

varying bend angles, adding the advantage of flexibility to air bending. There are also fewer 

tool changes, thus, higher productivity[2]. The bend beam can move the sheet up or down, 

permitting the fabricating of parts with positive and negative bend angles. The resulting bend 

angle is influenced by the folding angle of the beam, tool geometry, and material 

properties[3]. Bending is a metal forming process in which a force is applied to a piece of 

sheet metal, causing it to bend at an angle and form the desired shape. A bending operation 

causes deformation along one axis, but a sequence of several different operations can be 

performed to create a complex part[4]. The bend allowance (BA) is the length of the arc of 

the neutral line between the tangent points of a bend in any material. Adding the length of 

each flange taken between the center of the radius to the BA gives the Flat Pattern length[5]. 

The bend deduction (BD) is twice the outside setback minus the bend allowance. Most sheet 

metal drawings use this kind of dimensioning because it is offers more precise control over 

the flange lengths (compared to dimensioning it to the outside tangent of the radius) by 

removing any variations in the formed radius from the measurement[6,7]. Each of these 

approaches requires an understanding of the causes of spring back and the factors which 

affect its magnitude. With this knowledge, trial and error attempts at spring back correction 

become more effective[8,12]. 

Today many forming processes are carried out without a previous or accompanied finite 

element analysis of course. However, if the material flow or the loads of the rolling devices 

have to be investigated exactly, the numerical simulation is a must, if one does not want to 

invest too much money and time in practical experiments[9,10]. Static analysis is used to 

determine the displacements, stresses, strains, and forces in structures or components caused 

by loads that do not induce significant inertia and damping effects. Steady loading and 

response conditions are assumed; that is, the loads and the structure's response are assumed to 

vary slowly with respect to time[11,13]. 

Materials and Methodology  
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Steel and aluminium are the two material which we used for this simulation. This two 

materials having different material properties. That material properties are given in the below 

table 1. 

                                      Table 1 Material Properties 

Properties Steel Aluminium 

Young's modules(E) 207 GPa 70GPa 

Yield strength(Y) 205MPa 165MPa 

Poisson ratio(μ) 0.3 0.33 

Strain hardening exponent(n) 0.134 0.0987 

Strength co-efficient (k) 525MPa 410MPa 

These two materials having spring back effect also. So the below steps to be followed in this 

spring back analysis. 
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The elastic springback at the end of a bending process plays an important role in determining 

the quality of final product thus in practice the constitutive relation that considers the elastic 

and plastic parts together has to be used. The factors have a non-linear interaction with each 

other so it is extremely difficult to develop an analytical model for springback control 

including all these factors. So approach with FEA simulations are used to confront this 

difficulty. 

 

Figure 1 3D view of Spring Back Effect 

Experimental Results and Discussion: 

The below results are obtained from this analysis.In hyperforming and hyperviewing 

impact of stress deformation, percent thinning, relative angle for steel and aluminium were 

found as follows. 

 

Figure 2 Impact Of Stress Deformation Of Steel 
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The impact of stress Deformation of steel is shown in the above figure 2. Stress plays 

a vital role in the deformation of steel. 

 

Figure 3 Impact Of Stress Deformation Of Aluminium 

According to analysis results the impact of stress deformation of aluminium is shown 

in figure 3. It is the 3D view of aluminium sheet. 

Figure 4  Relative Angle Of Aluminium 

The above Figure 4 gives the perfect description about global angle of both materials steel 

and aluminium in this analysis 
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CONCLUSION 

 In the die 45O bend angle the percentage of error  varying from 2.5% to 13.5%. The 

thickness of the sheet decreases the percentage of error increases. Springback effect in 

corrugated bending varied with varying thickness of the sheet material. Springback highly 

depends on material properties (Yield stress, Young’s modulus, and Strain hardening) and 

geometric parameters (thickness of sheet, die radius, sector angle) at minimal load condition 

and it decreases with increase in compression depth. The springback increases with increase 

in yield stress, strain hardening but it decreases with increase in Young’s modulus. The 

binders can be used to reduce springback effect and also helps to distribute the stress evenly. 

The springback value decreased with the increasing thickness or decreasing the bending 

angle. 

REFERENCES 

1. Garcia-Romeu.M.L, Ciurana.J, Ferrer.I (2007), ‘Springback determination of sheet 

metals in an air bending process based on an experimental work’, Journal of Materials 

Processing Technology, Vol.191, pp.174-177. 

2. IhabRagai, DuraidLazim, James A. Nemes (2005), ‘Anisotropy and springback in 

draw-bending of stainless steel 410 experimental and numerical study’, Journal of 

Materials Processing Technology, Vol.166, pp.116–127. 

3. I-Nan Chou, Chinghua Hung (1993), ‘Finite element analysis and optimization on 

springback reduction’, International Journal of Machine Tools & Manufacture, 

Vol.39, pp.517-536. 

4. Joachim.L, Grenestedt, Jack Reany (2007), ‘Wrinkling of corrugated skin sandwich 

panels’, Composites: Part A, Vol.38, pp.576–589. 

5. Jyhwen Wang, SuhasVermab, Richard Alexander.B, Jenn-TerngGauc (2008), 

‘Springback control of sheet metal air bending process’, Journal of Manufacturing 

Processes, Vol.10, pp.21-27. 

6. Kazeminezhad.M, Hosseini.E (2010), ‘Optimum groove pressing die design to 

achieve desirable severely plastic deformed sheets’, Materials and Design, Vol.31, 

pp.94–103. 



IJREAT International Journal of Research in Engineering & Advanced Technology, Volume 4, Issue 2, April - May, 2016 
ISSN: 2320 – 8791 (Impact Factor: 2.317)    

www.ijreat.org 

www.ijreat.org 
                             Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org)           160 

 

7. Moon.Y.H, Kang.S.S, Cho. J.R, Kim. T.G (2003), ‘Effect of tool temperature on the 

reduction of the springback of aluminum sheets’, Journal of Materials Processing 

Technology, Vol.132, pp.365–368. 

8. OzgurtekaslanUlviSeker, Ahmet Ozdemir(2006), ‘Determining springback amount of 

steel sheet metal has 0.5 mm thickness in bending dies’, Materials and Design, 

Vol.27, pp.251–258. 

9. Panthi.S.K, N. Ramakrishnan, MerajAhmed ,Shambhavi S. Singh, M.D. Goel (2010), 

‘Finite Element Analysis of sheet metal bending process to predict the springback’, 

Materials and Design, Vol.31, pp.657-662. 

10. Rajinikanth.V, Gaurav Arora,  Narasaiah.N, Venkateswarlu.K (2008), ‘Effect of 

repetitive corrugation and straightening on al and al–0.25sc alloy’, Materials Letters, 

Vol.62, pp.301–304. 

11. Sergei Alexandrov, Yeong-Maw Hwang (2009), ‘The bending moment and 

springback in pure bending of anisotropic sheets’, International Journal of Solids and 

Structures, Vol.46, pp.4361–4368. 

12. Shirdel.A, Khajeh.A, Moshksar.M.M (2010), ‘Experimental and finite element 

investigation of semi-constrained groove pressing process’, Materials and Design, 

Vol.31, pp.946–950. 

13. Wei Gan, Wagoner.R.H (2004), ‘Die design method for sheet springback’, 

International Journal of Mechanical Sciences, Vol.46, pp.1097–1113. 

14. Yang.Q, Ghosh.A.K (2006), ‘Production of ultrafine-grain microstructure in Mg alloy 

by alternate biaxial reverse corrugation’, ActaMaterialia, Vol.54, pp.5147–5158. 

15. ZaferTekiner (2004), ‘An experimental study on the examination of springback of 

sheet metals with several thicknesses and properties in bending dies’, Journal of 

Materials Processing Technology, Vol.145, pp.109–117. 

 


